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ABSTRACT

Sarcopenia is the loss of skeletal muscle mass and strength that
occurs with aging. Our research group has found an efficacious admin-
istration paradigm using testosterone to combat sarcopenia in humans.
In addition, our research has uncovered an important regulatory en-
zyme of inflammation, nuclear factor–�B–inducing kinase that may
regulate human skeletal muscle catabolism, and that appears to be
counter-regulated by administration of standard doses of testosterone.
This is important because a number of age-related clinical circumstances
trigger acute and chronic muscle loss including cancer, chronic obstructive
pulmonary disease, hospitalization, acute and chronic illness, and diseases
in which systemic inflammation occurs. Moreover, it is often the treatment
itself that can induce muscle loss. For example, glucocorticoids are tre-
mendously effective at reducing inflammation and are a frontline therapy
for many inflammatory-based diseases, yet paradoxically trigger muscle
loss. We will discuss our research findings and the clinical significance of
our human clinical translational research with testosterone.

INTRODUCTION

Aging is associated with decreased skeletal muscle insulin sensitiv-
ity, decreased anabolic responses to nutritional intake, and an overall
decrease in muscle mass and function. Although healthy aging is not
necessarily associated with increased skeletal muscle catabolism (1),
the aging process has been associated with increased systemic low-
grade inflammation (2, 3), increased hypothalamic-pituitary-adrenal
stress responses (4–6), and in men, decreased basal hypothalamic-
pituitary-gonadal response and decreased testosterone production (7,
8). These changes may contribute towards a metabolic tipping point of
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increased susceptibility for muscle wasting in response to catabolic
triggers due to metabolic stress or disease.

Muscle wasting that occurs with sarcopenia can occur in a rapid,
acute manner or more gradually in a chronic fashion and is often
driven by stimulation of inflammatory pathways and downstream
activation of transcription factors such as nuclear factor-�B (NF-�B)
(9, 10). NF-�B signaling plays a prominent role in skeletal muscle
atrophy, and pro-inflammatory cytokines induce skeletal muscle
atrophy through downstream signaling requiring RelA/p65 (10). NF-
�B–inducing kinase (NIK) is an upstream NF-�B pathway activating
kinase, tightly regulated by cells to maintain low basal levels. Recent
reports have shown significantly elevated steady-state NIK levels in
diabetic kidneys (11) and other degenerative conditions, including
multiple myeloma (12) and inflammatory arthritis (13).

Hypogonadism affects up to 4.5 million men in the United States (14)
and further increases risk for comorbidities (15). Clinicians in the United
States have taken note and prescriptions of androgens such as testoster-
one to men 40 years and older have increased more than 3-fold in the last
decade (16). Androgen replacement therapy is traditionally prescribed
clinically to replace low levels of endogenous serum testosterone and to
combat the accompanying side effects of low androgens, including loss of
skeletal muscle mass and strength. The anabolic benefits of androgens
on skeletal muscle mass are well-documented (17–29). Furthermore,
androgens, such as testosterone, suppress skeletal muscle catabolism in
men (30, 31), and dehydroepiandrosterone (DHEA), a metabolic precur-
sor to testosterone, has anti-inflammatory properties in peripheral tis-
sues (32). However, a clear understanding behind the mechanism
through which androgens regulate skeletal muscle protein catabolism is
still elusive and could provide an important clinical target for therapies
aimed at fighting muscle wasting diseases.

In vitro studies have shown that testosterone affects myogenesis and
increases local insulin-like growth factor–1 (IGF-1) expression (33),
regulates forkhead box O (FOXO1), peroxisome proliferator-activated
receptor-gamma coactivator 1 alpha (PGC-1�), and p38 mitogen-acti-
vated protein kinases (MAPK) (34), and stimulates hypertrophy of L6
myoblasts that occurs via the androgen receptor and results in a
signaling cascade dependent upon Erk and mammalian target of rapa-
mycin (mTOR) (35). Although the anabolic effects of testosterone on
skeletal muscle are thought to be mediated via androgen receptors
expressed in myonuclei and satellite cells (36), the mechanisms behind
the anti-catabolic effects of testosterone on human skeletal muscle
have not been elucidated. In rat skeletal muscle, the anti-catabolic
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actions of testosterone have been described through the repression of
atrogin-1 and muscle RING-finger protein-1 (MuRF-1) expression (37).

In this paper, we have postulated that aging is associated with
increased basal skeletal muscle NIK levels, and that androgens may be
protective against skeletal muscle catabolism by suppressing the ac-
cumulation of NIK. We have examined the relationship between age,
testosterone, and skeletal muscle NIK content in vivo and in vitro, and
we are reporting that testosterone treatment in older men with low
normal endogenous testosterone levels is capable of decreasing skele-
tal muscle NIK levels. We are also reporting that glucocorticoid-in-
duced increases in NIK expression in human primary skeletal muscle
cells are blocked in the presence of testosterone.

METHODS

Ethics Statement

The study was approved by The University of Texas Medical Branch
(UTMB) Institutional Review Board and complied with the Declara-
tion of Helsinki. Written informed consent was obtained from all
subjects.

Participants and Study Design

In experiment 1, skeletal muscle tissue was obtained from consent-
ing younger and older adults; either during baseline sample collection
during ongoing clinical studies at the UTMB Institute of Translational
Sciences Clinical Research Center (ITS CRC) (2 younger, 3 older) or a
kind gift from Partha Sarkar, UTMB, Galveston (3 younger, 2 older).
In experiment 2, healthy older men (67 � 5 years, n � 6) with endog-
enous testosterone concentrations in the lower half of the normal range
(200–500 ng/dL) volunteered to participate in a randomized open-label
experiment through the UTMB ITS CRC. Participants were random-
ized to receive testosterone as either a single intramuscular injection
(testosterone enanthate, 100 mg, n � 3) or as a gel to be applied daily
to the skin (1% AndroGel [AbbVie Inc., North Chicago, IL], 10 g gel
containing 100 mg testosterone each day, n � 3). Plasma and skeletal
muscle tissue were collected before the first treatment and again after
7 days. Subjects were instructed to refrain from making changes to
their habitual dietary intake and level of physical activity during this
week. All subjects in experiment 2 reported to the CRC on a daily basis
and subjects in the topical gel group received daily treatment under
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nurse supervision to ensure proper application. In the experiment 3,
human primary skeletal muscle cells and C2C12 cells were used for the
in vitro experiments.

Human Skeletal Muscle Biopsy Procedure

Skeletal muscle tissue was collected from the lateral portion of the
vastus lateralis (38). Briefly, a site was marked approximately 10 to 15
cm above the knee and the area was cleaned with Betadine (Medline
Industries, Inc., Mundelein, IL). Lidocaine (Hospira, Inc., Lake Forest,
IL) was applied to the skin and muscle to anesthetize the local area. An
approximately 5- to 6-mm incision was made through the skin and
fascia, and muscle tissue was collected using a 5-mm Bergström biopsy
needle while suction was applied. The incision was sutured or sealed
with Dermabond. Muscle tissue collected for molecular assays was
immediately blotted, frozen in liquid nitrogen, and stored in a �80°
C freezer until time of analysis. Fresh tissue for primary cell culture
(from experiment 3) was collected in transfer buffer (Ca2� and Mg2�

free Hanks Balanced Salt Solution; Invitrogen) and immediately
processed.

Tissue Culture Using Human Primary Skeletal Muscle and
C2C12 Cells

Satellite cells from human skeletal muscle biopsy samples were
isolated and cultured as described earlier with some modification (39).
Briefly, freshly obtained muscle biopsy sample (0.05 to 0.2g) was
digested by dispase II and collagenase for 40 minutes at 37° C, and
then filtered through 40-�m cell strainer. The filtered cells were cen-
trifuged and resuspended in growth medium (Hams F10 media � 20%
FBS � �FGF (5 ng/mL final) � 1% pen/strep � 0.1% gentamicin. The
cell suspension was transferred to a 60-mm culture dish and left
undisturbed for 48 to 72 hours in tissue culture incubator. Thereafter,
fresh media was added every 2 days. Similarly, C2C12 cells were
cultured in complete growth medium containing Dulbecco’s modified
eagle medium with 10% fetal bovine serum and 1% pen/strep and
incubated in the atmosphere of 5% CO2 at 37° C. The medium was
changed every 2 or 3 days.

Glucocorticoids are known to induce protein catabolism (40) and
testosterone inhibits glucocorticoid-induced protein catabolism in
C2C12 cells (41). Therefore, we explored the use of physiological con-
centrations of methylprednisolone (Medrol), a commonly prescribed
glucocorticoid in humans, to stimulate protein catabolism in human
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primary muscle cell cultures and differentiated C2C12 cells. Changes
in the expression of NIK mRNA and protein were determined before
and after treatment with methylprednisolone. Primary cultures of
skeletal myoblasts were differentiated for 4 days before treating with
methylprednisolone (0.5 �g/mL) for 24 hours. To determine the effects
of androgens on the regulation of NIK expression, testosterone was
added at 1 �M concentration for 0, 3, and 6 hours.

Western Immunoblotting

Proteins were fractionated by sodium dodecyl sulfate–polyacrylamide gel
electrophoresis and transferred to nitrocellulose or polyvinylidene di-
fluoride membranes (Millipore, North Bend, OH, USA). Membranes
were blocked in 5% milk or 5% bovine serum albumin for 1 hour, and
then incubated with the indicated primary antibody at 4° C overnight.
Membranes were washed in Tris-buffered saline, 0.1% Tween-20, and
incubated with secondary antibody at 20° C for 1 hour. Signals were
visualized on a chemiluminescence detection film using the ECL (GE
Healthcare, Piscataway, NJ, USA) system. �-actin was used as a
loading control. Each target protein was quantified using the ImageJ
software. NIK antibody was purchased from Cell Signaling, whereas
antibodies against MuRF1 and glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) were obtained from Santa Cruz Biotechnology.
The monoclonal antibody against �-actin was procured from Sigma-
Aldrich.

Quantitative Real-Time Polymerase Chain Reaction

Cellular RNA was extracted using Tri Reagent (Sigma). RNA was
quantified by Nanodrop (Thermo Scientific, Waltham, MA) and sam-
ples were included when the 260/280 nm ratio was � 1.6. A total of 2
�g RNA was used for reverse transcription using the SuperScript III
First-Strand Synthesis System from Invitrogen (Carlsbad, CA). Real-
time polymerase chain reactions (PCRs) were performed in triplicate,
and a total of 2 �L cDNA products was amplified in a 20-�L reaction
system containing 10 �L iQ SYBR Green Supermix (Bio-Rad) and 400
nmol/L primer mixture. Relevant primers were purchased from SA
Bioscience (Frederick, MD). All reactions were processed in a MyiQ
Single Color Real-Time PCR thermocycler using a two-step–plus–
melting curve program. Results were analyzed by the iQ5 program
(Bio-Rad), and the data were analyzed using the ��CT method in
reference to GAPDH.
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Statistics

All results are expressed as means � SEM. Data from the older
subjects (ie, injection or gel) were combined resulting in baseline (pre)
versus testosterone treatment (post, regardless of mode of treatment)
comparisons. In human subjects, pre-post testosterone treatment dif-
ferences were compared using paired t tests. Linear regression analy-
sis was used to examine the relationship between NIK and serum total
testosterone. In cell culture experiments, two-way repeated measures
analysis of variance (ANOVA) analyses were performed to evaluate
time and treatment effects. This was followed by Tukey’s post hoc test
to determine pair-wise significance if the ANOVA test was significant.
In all cases, P � .05 was considered significant.

RESULTS

To assess if NIK levels increase with aging in the human popula-
tion, vastus lateralis muscle was sampled from younger and older
subjects, then assayed for NIK expression using quantitative real
time (qRT)–PCR. Figure 1 shows delta CT for the two groups (a lower
delta CT means higher mRNA expression), and a significant increase
in NIK mRNA expression is evident in the older versus younger
subjects. These results are consistent with our previous report of

FIG. 1. Increased muscle NIK mRNA levels in old subjects. Human vastus lateralis
muscle was sampled from young (29 � 6 years) vs older (67 � 5 years) subjects and
assayed for NIK expression using qRT-PCR, with data analyzed using the delta CT
method with GAPDH as the reference standard (lower delta CT means higher mRNA
expression).
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increased NIK in skeletal muscle sampled from obese, insulin-resis-
tant human subjects (42).

We next assessed effects of testosterone therapy on skeletal muscle
NIK expression. After baseline sampling of plasma and skeletal muscle
tissue, we administered testosterone as either a single intramuscular
injection (testosterone enanthate, 100 mg) or as a gel applied daily to the
skin (AndroGel, 10 g/d). After 7 days, plasma and skeletal muscle tissue
were again collected for a before and after comparison. Protein was
extracted from skeletal muscle of six different subjects before (Figure 2A,
black bars) and after (Figure 2A, gray bars) 1 week of testosterone
intervention. Quantification of the immunoblots suggests that testoster-
one treatment can decrease skeletal muscle NIK levels within 7 days in
most subjects. Figure 2B is a bar graph compilation of all western blots.

Even more striking is our discovery of an inverse relationship be-
tween serum testosterone concentrations and skeletal muscle NIK
expression in men with low-normal endogenous testosterone (ie, less
than 500 ng/dL). Figure 3 (upper panel) shows a significant negative
association for basal plasma testosterone and NIK protein levels,
whereas the lower panel shows a negative correlation between the
change in plasma testosterone levels and NIK protein expression after
1 week of treatment, with an R2 value of 0.2278 and correlation
coefficient of �0.477. Regression analysis did not reach statistical
significance due to the small sample size. These data indicate that as
little as 7 days of testosterone treatment can decrease skeletal muscle
NIK levels.

To test if these in vivo results could be reproduced in vitro, we used
differentiated C2C12 cells to show a substantial increase in NIK pro-
tein expression 6 hours after initiating methylprednisolone treatment
(0.5 �g/mL) (Figure 4). Peak levels were reached at 24 hours versus
dimethyl sulfoxide (DMSO)–treated controls. This is intriguing data
because methylprednisolone is given to patients as an anti-inflamma-
tory agent but results in increased levels of NIK within skeletal mus-
cle. Differentiated C2C12 cells treated with methylprednisolone for
various time intervals also resulted in time-dependent increases in the
skeletal muscle–specific atrophy marker, atrogin-1 (Figure 4C).

To test effects of testosterone in vitro, we exposed differentiated
primary human skeletal myoblasts to methylprednisolone (0.5 �g/mL)
for 24 hours in tissue culture. Testosterone was then added at 1 �M
concentration in the presence of glucocorticoid for indicated times as
shown in Figure 5A. NIK mRNA expression levels were increased
2.5-fold after methylprednisolone treatment (*P � .01 vs untreated
cells), and this methylprednisolone effect was rapidly reversed to
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control levels by testosterone (†P � .01 vs methylprednisolone-
treated cells). The observation that testosterone completely normal-
ized glucocorticoid-induced increases in NIK levels by the earliest
time point sampled (2 hours) was a striking observation. We also
showed that testosterone suppressed methylprednisolone-induced
NIK protein expression in primary skeletal muscle cells (Figure 5B).
A similar effect of testosterone on MuRF1 protein expression was
observed.

FIG. 2. Decrease in skeletal muscle NIK message and protein levels after testoster-
one therapy in elderly subjects. After collection of baseline plasma and skeletal muscle
biopsy specimens (before, black bars), subjects were given testosterone treatment as
either a single intramuscular injection (100 mg) or as a gel to be applied daily to the skin
(10 g/d). On day 7, another set of samples was collected (after T, gray bars). (A)
Quantification of the individual before and after western blots. (B) Quantification of the
immunoblots indicates that 1 week of testosterone intervention reduces skeletal muscle
NIK levels.
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DISCUSSION

Increased NIK levels have been measured in skeletal muscle of
patients with a variety of disorders such as multiple myeloma (12) and
metabolic syndrome (42). Although virtually nothing is known about

FIG. 3. A negative correlation between plasma testosterone and skeletal muscle NIK
protein expression. Upper panel shows a significant (P � .035) negative association
between basal plasma testosterone and NIK protein levels; the lower panel shows a
negative correlation between the change in plasma testosterone levels and NIK protein
expression after 1 week of treatment.
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FIG. 4. (A) Skeletal muscle biopsy specimens were collected from the vastus lateralis
of healthy human subjects (n � 3) for basal measurement of NIK and MuRF 1 expression,
followed by a 6-day, graded dosing regimen of methylprednisolone (24, 20, 16, 12, 8, and 4
mg on days 1 through 6, respectively). A second biopsy was obtained at the end of the
glucocorticoid treatment. NIK and MuRF1 mRNA levels were quantified with RT-PCR. (B)
Methylprednisolone-induced increases in NIK protein also were measured with immuno-
blotting in differentiated C2C12 cells 6 hours after initiating methylprednisolone treatment
(0.5 �g/mL). Peak levels were reached at 24 hours versus DMSO-treated controls. (C)
Methylprednisolone increases Atrogin-1 mRNA expression. Differentiated C2C12 cells
were either treated with DMSO (D, vehicle control) or methylprednisolone for 6, 24, and 48
hours, respectively. (C) Shows untreated cells. Data represent fold change expression as
compared to untreated cells. *P � .05 significantly different than untreated cells.
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NIK regulation in skeletal muscle cells, how NIK levels are regulated
in other cells has been well characterized. NIK is an activating kinase
that is constantly synthesized but tightly regulated at low basal levels
in cells via binding to tumor necrosis factor receptor-associated factors
(TRAFs). In the unstressed cell, TRAF3 recruits NIK to a complex
containing TRAF2 and cIAP1/2, and NIK undergoes ubiquitination by
cIAP1/2 resulting in rapid proteosomal degradation. In the presence of
NF-�B noncanonical pathway stimuli, cIAP1/2 ubiquitinates and de-
grades TRAF3, releasing NIK from its negative regulation by TRAF3,
leading to its stabilization and accumulation in cells (43, 44). An
increased level of NIK causes its activation, presumably by autophos-

FIG. 5. (A) Differentiated primary human skeletal myoblasts were exposed to
methylprednisolone (0.5 �g/mL) for 24 hours in tissue culture. Testosterone was then
added at 1 �M concentration in the presence of glucocorticoid for indicated times. NIK
mRNA expression levels were measured by qRT-PCR using GAPDH as housekeeping
gene for data normalization. (B) Methylprednisolone-induced expression of NIK protein
is suppressed by testosterone. Differentiated primary cultures of human skeletal myo-
blasts were treated with methylprednisolone, (M) (0.5 �g/mL) for 24 hours. Testosterone
(T) was added at 1 �M concentration for indicated times. DMSO (D) serves as vehicle
control.
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phorylation, and high intracellular NIK levels can activate the NF-�B
pathway, thus contributing to catabolic signaling. It remains to be
determined whether chronic upregulation of skeletal muscle NIK is
involved in the onset or progression of sarcopenia and other wasting
conditions.

Here, we have shown that aging is associated with increased basal
levels of skeletal muscle NIK content when compared to young muscle,
and that skeletal muscle NIK content can be decreased in older men
receiving testosterone supplementation for 1 week. Further support
that testosterone is involved in the downregulation of noncanonical
NF-�B signaling is our recent published finding that testosterone
therapy in combination with oral protein supplementation reduced
expression of p52 and RelB in skeletal muscle of a cervical cancer
patient, despite persistent inflammation and upregulation of p50 and
RelA (45).

Using tissue culture, we have shown that testosterone directly in-
hibits the upregulation of NIK in primary human skeletal muscle and
C2C12 cells in response to a glucocorticoid stimulus that increases NIK
levels. These results collectively suggest a protective role for testoster-
one against NIK-mediated signaling and could provide a mechanism
behind its anti-inflammatory and anti-catabolic properties. To the best
of our knowledge, this is the first report suggesting that testosterone
may work to inhibit the accumulation of NIK in skeletal muscle. Our
observation that testosterone preferentially affects the noncanonical
NF-�B signaling axis via modulation of NIK is a highly novel finding in
the field of muscle biology. This is significant because NIK is well-
known as a key upstream regulator of the noncanonical NF-�B�RelB/
p52 signaling cascade, a pathway responsive to induction by glucocor-
ticoids (46–49) and identified in the regulation of skeletal myogenesis
(50, 51).

Sarcopenia affects approximately 5% of people at the age of 65 years
and nearly 50% of people aged 80 years and older (52–54). Thus, an
effective therapy to safely stimulate skeletal muscle anabolism and
suppress catabolism is needed. The age-related differences in skeletal
muscle NIK levels in both men and women in the present data suggest
that, in addition to testosterone, other regulatory factors likely con-
tribute to changes in skeletal muscle NIK regulation. Premenopausal
women experience decreases in androgens, including testosterone,
with increased age (55). However, endogenous testosterone levels in
women rely on production by the ovary and adrenal cortex which is an
order of magnitude lower than that derived from the gonads in men at
any age. Testosterone administration clearly attenuated NIK levels in
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older men and testosterone directly repressed NIK expression in vitro
but we cannot exclude the possibility that related hormones, such as
DHEA, dihydrotestosterone (DHT) or estrogen, regulate NIK equally
or more potently in younger men and women.

Although the molecular mechanisms responsible are not known, we
have shown that methylprednisolone induces NIK mRNA expression
in human skeletal muscle in tissue culture, and that this is associated
with an increase in MuRF1 mRNA expression. Here, MuRF1 is used as
a marker of skeletal muscle catabolism. Our in vitro experiments also
show that induction of NIK expression in human primary skeletal
muscle cells coincides with increased expression of the catabolic sig-
naling protein atrogin-1. Finally, the clinical data, supported by data
obtained from the in vitro cell culture experiments, show that testos-
terone attenuates the upregulation of NIK in skeletal muscle cells.

In summary, our results indicate that increased age is associated
with increased skeletal muscle NIK levels in men and women. We
showed that as little as 1 week of testosterone treatment in men with
endogenous testosterone in the low-normal range resulted in increased
testosterone levels and that this correlated with decreased skeletal
muscle NIK levels. Future experiments are warranted to explore the
molecular mechanisms involved in the modulation of NIK levels by
anabolic/anti-catabolic agents, to investigate the role of NIK signaling
in protein catabolism and skeletal muscle wasting, and to elucidate the
possible clinical implications associated with altered skeletal muscle
NIK signaling.
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DISCUSSION
Spivak, Baltimore: It gives us older men hope here. As a hematologist, I constantly

see men given testosterone as replacement therapy — and as their physicians always
say, “But it’s just replacement therapy” — who come in with extremely high hematocrits.
And testosterone will squeeze the plasma volume, so a lot of these men do not have an
elevated red cell mass. Actually, they have plasma volume contraction, which theoreti-
cally increases blood viscosity. And I am curious: in your studies, did you have a chance
to measure hematocrits just to see if there is there is any change there?

Urban, Galveston: Yes. We have done that in all of our studies and there is a change.
Any time you use IM injections, it is probably the number one problem that we get with
testosterone. So yes, it is a real entity, and the gels cause a little less problem than the
injections. The injections primarily are the big culprit. But any time that I am replacing
a patient with testosterone, I always do a hematocrit before I start, and then I check
every 6 months, because that is the biggest limiting factor in the use of testosterone. I
agree with you wholeheartedly.

Spivak, Baltimore: I guess there is an anecdote and that would be if you just bleed
the patients, they expand their plasma volume extremely rapidly. And it probably
wouldn’t take bleeding that often to keep the hematocrits down where they should be.

Urban, Galveston: I think also the testosterone stimulates the red blood cell pro-
duction as well though, so you’ve got two factors working there.

Spivak, Baltimore: It’s interesting. It does, but not as much as . . . .
Urban, Galveston: . . .as the volume contraction. That’s good to know.
Dupont, Houston: Randy, very nice presentation and study. What was the relation-

ship between baseline testosterone serum levels in these patients and benefit of exoge-
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nous testosterone therapy? And again, looking through Mary Shelley’s eyes at your
work, are there any negative things to this — cardiovascular effects or prostate enlarge-
ment in these patients — that might be things we should worry about?

Urban, Galveston: Thanks Burt. We don’t know the answer about prostate cancer.
There is currently an NIH study that’s ongoing, a multi-site study, where it’s kind of like
the old WHO trial where they’ve given testosterone to a group of actually hypogonadal
older men, and they are trying to see if they are going to see an increased incidence of
prostate cancer. So that data isn’t out there. Everyone thinks that it’s probably the case.
Of course, that’s an androgen-sensitive organ. So when I start testosterone in my older
men, I tell them that that’s a real risk that you have to worry about. The cardiovascular
side of it is really a mixed bag, and I’m sure there are some cardiologists here who know
much more about this than me. Of course, it lowers HDL, and so there is the risk of
vascular disease. And Shalender Bhasin had published the New England Journal of
Medicine article where he gave testosterone to a group of older, very ill men, and he
increased their risk of cardiovascular disease. So certainly that is a huge problem that
you have to be very aware of. But it does a lot of other things as well. It also lowers
vascular resistance, so there could be some positives to it. And there are data that I
didn’t show you here, but we are actually now starting in cachectic cancer patients, to do
echoes to begin to look at the function of the heart muscle and we’ve got some prelimi-
nary data which shows that heart is a muscle too! We’ve never really focused on the
cardiac muscle, so we are beginning to see an improvement in performance in that heart
muscle. So it’s not a simple answer, but I think it’s one that you just really have to
discuss with your patients.

Dupont, Houston: What about serum levels of testosterone?
Urban, Galveston: We’ve never done large enough studies where we’ve really been

able to do that. You know, these studies, which are done with stable isotope infusions are
usually done with eight men so we really don’t have the statistical power to say that if
a patient was low initially and we raised his level, and we saw a significant difference.

Pasche, Birmingham: As an oncologist, I was quite impressed by your data on the
cancer patient moving around much more. In oncology, we know that performance
status, which is essentially how much you are able to carry on, trumps anything in terms
of prognosis with respect to longevity of patients. Did you see any difference in outcome?
Are you planning any trial where you are going to treat the patient that may be less
terminal to try to find out whether you can impact the long-term outcome of these
patients?

Urban, Galveston: We haven’t seen any difference in outcome, but our numbers are
very small: Only 13–14 patients so far. And yes, we think that this is something that we
ought to now move to a younger, less involved group. This was our beginning way to see
if we can actually see something with this group and we’d like to try a group that isn’t
quite as end-stage. Thank you.

Mitch, Baylor: I was curious if you’ve looked a bit more proximally, because there
have been reports, experimentally, that myostatin inhibition will actually prolong life in
animal models of cancer, and we were able to show the same thing in chronic kidney
disease.

Urban, Galveston: No we haven’t, Bill. That’s a good thought, but we’ve just been
sort of focusing on this catabolic pathway right now.

Dale, Seattle: How much of the effect is on proliferation versus cell survival or
hypertrophy?

Urban, Galveston: Well, you’re really asking the question of synthesis versus
breakdown. So testosterone is an interesting compound because it stimulates both. So we
know that there is one side of testosterone that’s actually stimulating the satellite cells
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to go into causing hypertrophy and increase of muscle mass. So it does that, and this is
not really what these studies are focusing on. They are focusing on its other thing, which
is its ability to inhibit the catabolism. We haven’t been able to carefully balance between
the two to see which one is more prevalent than the other.

Hochberg, Baltimore: So you mentioned that you did muscle biopsies in these
subjects. Have you looked at the amount of small vessels as to whether or not there is an
increase? And also, have you looked at any kind of studies of mitochondrial function with
regard to oxidative stress?

Urban, Galveston: We have not. Good thought.
Berger, Cleveland: From the oncology viewpoint, the problem with performance

status is particularly serious in older African American women with breast cancer who
have the worst functional decline early in their disease, and this correlates really very
clearly with prognosis. So the question is, have you looked at any difference in racial
effect of the testosterone, and have you looked at women? That’s most important.

Urban, Galveston: No. These are just very preliminary, but those are great points.

44 RANDALL J. URBAN ET AL


